Parks are increasingly understood to be key community resources for public health, particularly for ethnic minority and low socioeconomic groups. At the same time, research suggests parks are underutilised by these groups. In order to design effective interventions to promote health, the determinants of park use for these groups must be understood.
Introduction
Green space is increasingly understood to be a valuable environmental resource in health promotion (Nieuwenhuijsen, Khreis, Triguero-Mas, Gascon, & Dadvand, 2017; WHO, 2016) . Recent systematic reviews have highlighted the association between exposure to green space and improvement in both mental (Bowler, Buyung-Ali, Knight, & Pullin, 2010; Gascon et al., 2015) and physical health outcomes (Twohig-Bennett & Jones, 2018) . It is suggested that green space can encourage physical activity, improve air quality, reduce stress and encourage social interaction (Hartig, Mitchell, De Vries, & Frumkin, 2014) . Furthermore, several studies have demonstrated that the relationship between green space and health may be strongest in ethnic minority and low socioeconomic status groups (Maas, Verheig, Groenewegen, de Vries, & Spreeuwenberg, 2006; Mitchell & Popham, 2007 . However, recent research shows that green spaces are under-utilised, particularly by these groups (Cohen, Han, Derose, et al., 2016; Evenson, Wen, Hillier, & Cohen, 2013) . This poses an important public health challenge whereby the use of green space should be encouraged for those who could benefit the most, yet currently are among those who use it the least.
Key determinants of green space use are thought to be structural factors such as size and proximity (Bedimo- Rung, Mowen, & Cohen, 2005) . For example, in a nationwide study of 174 parks across 25 cities in the US, found that every additional acre of park land was associated with a 9% increase in park use. In addition, Coombes et al. (2010) conducted a survey of nearly 7000 adults in England and found a significant decline in frequency of park use as objective proximity increased. It has been suggested that the unequal spatial distribution of green space is a contributing factor in the reduced level of use among ethnic minority and low socioeconomic status groups (Floyd, Taylor, & Whitt-Glover, 2009; Jennings, Johnson Gaither, & Gragg, 2012) . Several studies have shown that these groups have reduced access to and provision of green space (Ferguson, Roberts, McEachan, & Dallimer, 2018; Wolch, Byrne, & Newell, 2014) . However, other studies have shown access and provision is at least comparable or even improved (Barbosa et al., 2007; Kessel et al., 2009; Timperio, Ball, Salmon, Roberts, & Crawford, 2007) .
Park quality may also play a key role in determining park use: for instance, Kaczynski et al. (2008) observed 33 parks in Canada, and found that while size and proximity were not significant predictors of park use, the number of features was significant. Furthermore, specific features that encourage park use or park-based physical activity have been identified, including playgrounds, paved trails, basketball courts, water features, shelter and picnic areas (Baran et al., 2014; Costigan, Veitch, Crawford, Carver, & Timperio, 2017; Kaczynski et al., 2009; Rung, Mowen, Broyles, & Gustat, 2011; Shores & West, 2008) . On the other hand, some features have been shown to discourage use. These include incivilities, 4 such as litter and vandalism, and poor quality of playing surfaces (Gobster, 2002; McCormack, Rock, Toohey, & Hignell, 2010; van Hecke et al., 2018) .
Some studies have shown the relationship between park features and use varies by ethnicity and socioeconomic status (Hughey et al., 2016; Kaczynski et al., 2014; Vaughan, Colabianchi, Hunter, Beckman, & Dubowitz, 2018) . For example, Kaczynski et al. (2014) demonstrated that fitness stations and skate parks were related to park use only for those on a low income, while playgrounds, baseball fields and basketball courts were associated with park use only for Black users. In addition, many studies have reported that ethnic minority and low socioeconomic groups have reduced quality parks available to them in comparison to White and more affluent groups (Bruton & Floyd, 2014; Rigolon, Browning, & Jennings, 2018; Suminski et al., 2012; Vaughan et al., 2013) . In England, it has been demonstrated that ethnic minority groups and those living in deprived areas more often perceive their local green space as poor quality, and this is linked to reduced usage patterns compared to the White British population (CABE, 2010) . Altogether, these results highlight the need to design or modify parks that are in line with the needs of the community and avoid a 'one size fits all' approach. In doing so, the benefits of green space can be realised to their full potential across diverse communities. Current research concerning park features and use is concentrated in North America. However, it is difficult to make comparisons between North America and the UK in this regard. First, the spatial context is different: US cities are more sprawling and more dependent on cars for travel (Richardson et al., 2012) . Second, the ethnic and racial context is also different: North American studies tend to focus on Hispanic and African American populations (Engelberg et al., 2016; Vaughan et al., 2018) , whereas the major ethnic minority groups in the UK are of South Asian origin (Indian, Pakistani, Bangladeshi) (Roe, Aspinall, & Thompson, 2016) .
In this study we address this research gap by examining a sample of mothers within a birth cohort located in an ethnically diverse and deprived city in the north of England, of which 50.1% of participants are South Asian (Wright et al., 2013) . Also, limited research in the US has shown that satisfaction with the quality of neighbourhood public space is interrelated with use of green and social spaces (Hadavi & Kaplan, 2016) . Therefore, in this study we build on this research and suggest park satisfaction as a mediator of the relationship between park quality and park use. As a result, we conduct two multilevel models to understand the associations between park features, park satisfaction and park use. Interactions are explored by ethnicity and socioeconomic status. We also test park satisfaction as a potential mediator.
Overall, the primary aim of this study was to explore the associations between park features, park satisfaction and park use. Secondary aims were to explore whether ethnicity and socioeconomic status moderate the relationship between park features, park use and satisfaction, and to explore whether park satisfaction mediated the relationship between park features and park use.
Methods

Study design and setting
This study utilised a multi-method design. We collected bespoke data from the Born in Bradford (BiB) cohort, a longitudinal cohort of 12,453 mothers. Participants in this cohort were recruited during pregnancy between 2007 to 2011. The aim of the cohort is to examine how genetic, nutritional, environmental, and social factors impact on health and development of children. A full description of the cohort has been reported elsewhere (Wright et al., 2013) .
In addition, an observational audit of 44 parks within Bradford to record park features was conducted by a team of researchers from 15 th June to 3 rd July 2015 using the Natural Environment Scoring Tool (NEST) (Gidlow et al., 2018) . Figure 1 Within the whole BiB cohort, 50.1% of participants are of South Asian origin (Wright et al., 2013) .
Participants
Potential participants (sample size (n) =843) were those included in a sub-study of the BiB cohort who responded to a survey that included questions on their child's park use and satisfaction, between June 2013 and June 2015. The sample was limited to those who had complete data and those who had listed 6 an audited park as their most visited park during the summer months, resulting in a total of n=652 included in the analysis (see Figure 2 for a flow diagram).
Variables
Park-level variables
Park quality
Respondents were asked "which park(s) does your child play in most frequently during summer?"; this was repeated for winter. It was possible to name up to two parks for each question. In total, 224 unique parks across all four possible answers were identified by respondents. Responses were collated by seasons and selected for auditing based on those most frequently identified by respondents. All parks that were nominated in both the summer and winter months and were reported more than once in at least one season were audited, ensuring that data was available for parks that were used consistently throughout the year.
In total, 44 parks were selected. The majority of selected parks were local neighbourhood parks with a variety of features such as a children's play area, walking paths, benches and open green space for sports or relaxing. Some were smaller with fewer features and limited green space; some were much larger with large open green spaces, more developed sports facilities, and a variety of other facilities such as toilets and cafes.
Parks were audited in-situ using the Natural Environment Scoring Tool (NEST) (Gidlow et al., 2018) .
The tool lists 47 items categorised into eight domains: access, recreational facilities, amenities, natural features, non-natural features, incivilities, significant natural features, and usability. The items in each domain are shown in Table 1 .
Most items are assessed on both presence and quality simultaneously, so that a higher score indicates the item is present and of good quality; zero means the feature is not present in the park. Some items ask for presence only, for example 'good view point', with presence (=1) or absence (=0) as responses.
The usability domain scores the space on how suitable the park appears to be for various activities, e.g. walking, socialising, children's games ("not suitable", "somewhat suitable", "suitable", "very suitable").
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Two independent observers assessed each park using the NEST. The level of agreement between observers was calculated, ICC = 0.90. Item scores were entered by observers into Microsoft Excel and compared. Any disagreements between observers were resolved by selecting the higher of the two scores provided, i.e. presence was the default. Items were recoded to indicate presence (=1) or absence (=0) of each feature. Usability was dichotomised (does not support the activity= 0 and supports activity = 1). Scores were summed to produce an overall score for each domain.
Park size
All audited parks were mapped in ArcGIS (ESRI, 2018) and park size was calculated in hectares.
Individual-level variables
Park use
Respondents were asked on how many days and for how long on average during the weeks and the weekend their child used the park(s) they listed as frequently using, for both summer and winter.
Outlying or implausible values were removed. An average annual index of use was calculated for each participant by multiplying the number of days by the number of minutes for the week and the weekend and summing for each season, then averaging between the seasons. Park use was measured in average minutes per week over the course of the year.
Park satisfaction
Park satisfaction was assessed by asking participants to rate their satisfaction with the park(s) they listed on a Likert type scale (1=very dissatisfied to 5=very satisfied). This was found to be not normally distributed, and so was collapsed to a 3-point scale (whereby 1-3 were aggregated), with higher ratings indicating greater satisfaction.
Park proximity
Straight-line distance between the centroid of the respondent' postcodes and the boundary of their most visited park in summer was calculated.
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Socio-demographics Ethnicity
Ethnicity was self-reported in the BiB baseline questionnaire. Responses were categorised into three groups: White British, Pakistani and a diverse mixed 'Other' due to the large proportion of White British and Pakistani respondents (combined total of 85%). The final category represents a mix of ethnicities including White Other (3.1%), Mixed Race (1.8%), Black (2.1%), Indian (3.7%), Bangladeshi (2.4%) and 'Other' (1.9%).
Socioeconomic status
Socioeconomic status (SES) was measured at an individual and area level. Individual-level indicators were education, measured by highest educational qualification (0 = maximum of 5 GCSEs, 1 = A level equivalent or above), and financial status ('How well would you say you or you and your husband/partner are managing financially these days?') (0= struggling financially, 1 = not struggling financially). The Index of Multiple Deprivation (IMD) (2010) 
Other measures
Marital status (married and living with partner, not married and living with partner, not living with partner) was a control variable.
Data analysis
Respondents were matched to the park that they listed as their most visited in the summer months.
Almost all participants (97.74%) responded to this question , and so this allowed the greatest number of respondents to be retained for analysis. Two parks were dropped during this process, as they were not reported by any participant as their most visited park in the summer months.
First, linear regression analysis was performed to identify the significant predictors of park satisfaction and park use from the park feature domains, size and proximity. Next, separate multilevel models were performed to investigate the relationship between park features and (1) park satisfaction and (2) park use. Two levels were included: individuals at the first level and parks at the second level. We included a park identifier as a random intercept; models were also tested with random slopes for each of the park features but this did not improve the model fit and so were not included. Model 1 included park-level variables identified as significant in the linear regression analyses only. Control variables were then entered sequentially to adjust for proximity (model 2), ethnicity (model 3), socioeconomic status and demographics (model 4: maternal education, financial status, marital and cohabitation status), and then IMD (model 5). Coefficients are interpreted in the same way as a single level regression model -the effect of a 1 unit increase in the explanatory variable on, in this instance, level of park satisfaction or minutes of park use.
We tested ethnicity and socioeconomic status as moderators of the relationship between park features and (1) park satisfaction and (2) park use by entering interaction terms in an unadjusted model. The results of the prior linear regression analyses determined which park features were tested alongside ethnicity, education, financial status and IMD quintile. Both main effects were entered as well as the interaction. We statistically tested interactions using the likelihood ratio test, compared to a model with no interaction term.
Mediation of the relationship between park features and park use by park satisfaction was evaluated using the Baron and Kenny approach (Baron and Kenny, 1986) . Using this method, the following relationships are assessed: (1) the relationship between park features and park use, (2) the relationship between park features and park satisfaction, and (3) the association between park satisfaction and park use, and finally (4) the association between park features, park satisfaction and park use. Following this approach, only park feature domains that were identified as significant predictors of both park satisfaction and park use in the initial linear regression analyses were considered as the independent variable. To account for the clustered nature of the data, we used the multilevel mediation 'ml_mediation' package in Stata (version 14) (StataCorp, 2015) . Bootstrapping was used to create standard errors (SEs) and 95% confidence intervals (95% CIs). Statistical significance was set at pvalue ≤0.05. All analyses were carried out in Stata 14.
10 3 Results
Participants
The socio-demographics of participants are reported in Table 2 . Almost half (47%) of the sample was Pakistani, with 38% White British and other ethnicities making up 15%. The sample was evenly split in terms of educational background. The majority reported they were not struggling financially (70%) and 71% reported they were married and living with a partner. Most of the sample were in the most or second-most deprived IMD quintile.
The sample had a mean (M) park satisfaction score of 2.15 with a standard deviation (SD) of 0.85. A one-way analysis of variance (ANOVA) was calculated on park satisfaction for all individual variables.
Significant differences were observed between ethnicities, F(2, 649) = 3.92, p = 0.02; and between IMD quintiles, F(4, 647) = 2.89, p = 0.02 . No other differences were observed. Post-hoc Tukey tests were conducted on all possible pairwise contrasts. In terms of differences between ethnicities, White British respondents (M = 2.26, SD = 0.83) reported significantly higher (p = 0.01) park satisfaction than Pakistani respondents (M = 2.06, SD = 0.85). Those in the least deprived IMD quintile (M = 2.06, SD = 0.88) reported significantly higher (p = 0.03) park satisfaction than those in the most deprived IMD quintile (M = 2.56, SD = 0.70). All other comparisons were not significant.
ANOVAs were also carried out to explore differences in park use. Significant differences were observed by ethnicity F(2, 649) = 5.29, p = 0.005 and marital status F(2,649) = 6.85, p = 0.001. Post-hoc Tukey tests revealed that the White British group spent (M = 272.89, SD = 267.45) significantly more time (p = 0.004) at the park than the Pakistani group (M = 207.45, SD = 212.31). Furthermore, persons not living with a partner (M = 279.05, SD = 248.47) spent significantly more time (p = 0.004) at the park than those who are married and living with partner (M = 214.15, SD = 225.12).
Linear regression analysis
Linear regression analyses were carried out to identify park features that predicted park satisfaction and park use (see Tables 3 and 4 ). Table 3 shows that the amenities, incivilities and usability domains significantly predicted park satisfaction. A higher amenities and usability domain score was associated with a higher park satisfaction score, whereas the presence of more incivilities was associated with reduced park satisfaction. Table 4 indicates incivilities were also negatively associated with park use, with weekly duration of use reduced by 23 minutes on average. Increased access was also associated with reduced park use. More natural features and greater size of the park were positively related to park use.
Multilevel modelling
Park satisfaction
A null model was fitted initially to assess whether the parks differ from each other, on average, on satisfaction scores (data not reported). A substantial proportion of the total variance in the park satisfaction score is accounted for by differences between parks (ICC = 23.55%). Adjusted multilevel models of park satisfaction are reported in Table 5 . Variation drops considerably in model 1 when adding the park feature domains (model 1 ICC= 2.20%) and remains low in the fully adjusted model (model 5 ICC = 2.07%).
The table shows small but significant associations between park features and park satisfaction across all models. In the fully adjusted model, amenities and usability were positively related to park satisfaction (B = 0.07, 95% CI 0.01 to 0.13; B = 0.09, 95% CI 0.01 to 0.16), indicating that a 1-point increase in the amenity and usability domain scores was associated with a 0.07 and 0.09 increase in park satisfaction ratings respectively. Incivilities showed a negative association (B = -0.11, 95% CI 0.16 to 0.06). No significant associations were identified between park satisfaction and individual characteristics.
Park use
A null model was fitted to assess whether the parks differ from each other, on average, on duration of park use (data not reported). A small proportion of the total variance in parks use is accounted for by differences between parks (ICC = 7.57%). Adjusted multilevel models of park use are reported in Table   6 . Variation drops when the park-level variables are added (ICC = 1.77%). This is further reduced in the fully adjusted model (ICC = 0.06%). The fully adjusted model shows access (B= -115.19, 95% CI -183.54 to -46.83) and incivilities (B= -21.28, 95% CI -35.41 to 7.16) are significantly negatively associated with park use. This indicates that a 1-point increase in the access and incivilities domain scores was associated with a reduction in average weekly park use of 115 minutes and 21 minutes respectively. These patterns are consistent across models. There is also a marginal negative relationship between proximity and use (B= -0.01, 95% CI -0.02 to 0.002). Further, those not married and living with a partner, and those not living with a partner were associated with increased park use (B = 69.46, 95% CI 12.73 to 126.18, B= 70.19 95% CI 12.01 to 128.37).
Does ethnicity or socioeconomic status have a moderating role?
We then explored whether ethnicity or socioeconomic status moderated the relationship between park features, park satisfaction and park use. Following the results of the linear regressions, we tested interactions between amenities, incivilities and usability, and ethnicity and socioeconomic status, for park satisfaction; for the park use model we tested interactions between access, natural features, incivilities and size and ethnicity and socioeconomic status. We entered both main effects and tested each interaction separately, using a likelihood ratio test for significance. No statistically significant interactions were observed been park features, park satisfaction and park use.
Does park satisfaction mediate the relationship between park features and park use?
We then explored whether park satisfaction might mediate the relationship between park features and park use using multilevel mediation. Since the incivilities domain alone was significantly associated both with park satisfaction and park use, mediation was tested with this domain as the independent variable only. It was found that park satisfaction was not significantly associated with park use when controlling for incivilities. Further, bootstrapping confirmed that the indirect effect of incivilities on park use via park satisfaction was not significant (B =-3.28, 95% CI -7.00 to 0.43).
Discussion
This study aimed to examine the associations between park features, satisfaction and use. Amenities, incivilities and usability were found to be related to park satisfaction in the expected directions; size and proximity were not related. Access, incivilities and proximity were found to be significantly related to park use, although the effect of proximity was negligible. Further analyses revealed ethnicity and socioeconomic status were not moderators of the relationship between park features, satisfaction and use, and there was no evidence of mediation between park features and use by satisfaction.
The importance of amenities and the variety of activities available for encouraging park use has been demonstrated in previous research. For example, Edwards et al. (2015) audited 58 parks and surveyed 1304 adolescents in Western Australia, and identified features such as picnic tables and toilets, among others, to be associated with park use. Baran et al. (2014) also found shelters and picnic areas were positively related with park use in the US. However, this study attributed these features to park satisfaction, rather than park use. Furthermore, many more park features have been shown to be associated with park use that were not found in this study, such as playgrounds, table tennis tables, basketball courts, ponds and trees (Baran et al., 2014; Edwards et al., 2015; Park, 2019; Veitch et al., 2016) . In this way, the evidence on park features, satisfaction and use remains rather mixed.
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In this study it was found that incivilities were associated with both park satisfaction and use. This is in line with previous research that has consistently shown that signs of disorder such as graffiti, litter and vandalism are discouraging for park use and park-based physical activity (Douglas et al., 2018; Knapp, Gustat, Darensbourg, Myers, & Johnson, 2019; McCormack et al., 2010) . Moreover, parks with more incivilities are more likely to be seen as less safe, which in turns reduces the chances of park use (Costigan et al., 2017; Derose, Han, Williamson, & Cohen, 2018; Lapham et al., 2016) . Lastly, access was negatively related to park use. In this study, access was defined by the number of entrance points and the presence of paths. It was noted that the parks with few entrance points and no paths were small, local parks that were enclosed, oriented around playground equipment, and designed for small children.
Given the nature of the sample, it is suggested that this explains the negative relationship.
There was no evidence of moderation by ethnicity or socioeconomic status on the relationship between park features and park satisfaction or use. This goes against current research into variation in park use, which has typically shown differences by population subgroups (Ho et al., 2005; Kaczynski et al., 2014; Payne, Mowen, & Orsega-Smith, 2002) . Further work may be worthwhile to explore the differences in preference for park features. There was also no evidence that park satisfaction was a mediator of the relationship between park features and park use. Limited research has shown that residents are more likely to use their nearby green space when they are more satisfied with neighbourhood appearance, the variety of green space and the amount of open space, and vice versa (Hadavi & Kaplan, 2016) . Further research is required to explore this relationship.
Amongst the main strengths of the study was the sample of ethnically diverse women from a predominantly deprived area in the UK. This study therefore reports findings from an understudied group in a novel context. We were also able to assess a considerable number of parks using a quality assessment tool (NEST, Gidlow et al., 2018) that was found to be reliable between observers. However, several limitations are acknowledged. The study is cross-sectional in design, precluding causal inferences. The study also had a fairly small sample size (n=652). The composition of the sample means the findings may be generalised to similarly deprived and multi-ethnic areas, but the extent to which the findings can be generalised to a more affluent or less ethnically diverse area is limited. In addition, the survey from which the park use and park satisfaction variables were derived asked the participant which park their child used and how satisfied they were with it. It may be that respondents visit other parks more frequently without their child, however, given the young age of their child it is suggested this is not likely.
Based on these findings, a number of recommendations can be offered to policymakers, urban health professionals and park managers who are looking to encourage park use. It is suggested that as the incivilities domain was associated with both park satisfaction and park use, the reduction of existing incivilities should be prioritised for intervention over the installation of new features. This may be strengthened by developing a 'monitoring' presence in the park, such as increasing park ranger presence or establishing or building park-based community groups. Amenities and usability were also related to park satisfaction, and therefore the maintenance or addition of items within these domains should be referred to when increasing satisfaction is the objective. Parks that are largely enclosed might also be promoted where the aim is to address safety concerns for parents of young children.
Conclusion
This study contributes to the limited research examining the associations between park features, satisfaction and use in an ethnically diverse and deprived sample in the UK. Varied park features were identified as being associated with park satisfaction and park use, including access, amenities, incivilities, usability and proximity to the park. Incivilities were significantly related to both satisfaction and use, suggesting that this feature is prioritised when designing future interventions. 
List of Figures
Incivilities
